DURING the last decade evidence has been accumulating that human lung tumours of peripheral origin are more frequent than is generally recognized (Lisa, Trinidad and Rosenblatt, 1965; Meyer and Liebow, 1965; Berkheiser, 1966) . In previous papers (Mottura and Campobasso, 1966; Campobasso, 1968) human lung tumours have been defined as peripheral when showing no obvious connection with bronchi larger than 2 mm in diameter. It has also been pointed out that the majority of these tumours have the histological appearance of either adenocarcinoma or anaplastic large cell carcinoma.
The histogenesis of peripheral lung tumours is a rather complex problem. Under light microscopy some observations have been made which suggest that they may have been derived from bronchiolo-alveolar epithelium (Campobasso, 1]968) . Electron microscopic studies have mainly dealt with adenocarcinomata and/ or alveolar cell cancer (Schulz, 1963; Adam- son, Senior and Merrill, 1969; Geller and Toker, 1969; Coalson et al., 1970) , in some of which, cells with osmiophilic lamellar bodies (type II alveolar cells) have been observed. These cells have been regarded as evidence of the alveolar origin of the tumour (Adamson et al., 1969; Coalson et al., 1970; Nash, Langlinais and Greenawald, 1972 ) whereas tumours without osmiophilic lamellar bodies have been considered to be of bronchial or bronchiolar origin (Sasaki, Hayashi and Yamori, 1964; Geller and Toker, 1969) . Very little attention has so far been paid to the histogenesis of anaplastic large cell carcinoma, which in our experience is most often seen in peripheral regions.
The ultrastructural aspects of a small group of human peripheral lung tumours previously studied in this laboratory (Mollo, Campobasso and Canese, 1967) suggested a possible alveolar origin for both adenocarcinoma and anaplastic large cell carcinoma. In the present paper a more detailed description of a larger series of peripheral lung tumours is reported, comparing light and electron microscope patterns, and attempting to examine ultrastructurally the histogenesis of these tumours.
MATERIALS AND METHODS
Lung tumours were obtained by lobectomy or pneumonectomy at the Thoracic Surgery Centre of the University of Turin. All the tumours included in the series were peripheral according to the above mentioned criteria (Mottura and Campobasso, 1966) .
For the ultrastructural study, small samples from at least two different parts of each tumour were put in cold 6% glutaraldehyde in the operating theatre, immediately after surgery, and then cut into smaller fragments. These were fixed in 6% glutaraldehyde (Sabatini, Bensch and Barrnett, 1963) , post-fixed in osmium tetroxide (Palade, 1952) , and embedded in Araldite (Durcupan ACM Fluka) according to Luft (1961) . Uranyl acetate was used during dehydration (Watson, 1958) and lead citrate applied to the sections (Reynolds, 1963) For light microscopy, several formalinfixed paraffin-embedded blocks were made, some prepared from areas adjacent to those from which the specimens for electron microscopy had been chosen. Sections were stained with H. and E. and also with the method developed for lung tumours by Kreyberg and Jareg (Kreyberg, 1967) . Tumours were classified according to the criteria of the W.H.O. (Kreyberg, 1967) .
RESULTS

Light microscopy
The histological classification of the 13 peripheral lung tumours examined in the present series is recorded in Table I . According to the W.H.O. criteria, 5 tumours were classified as adenocarcinomata ( Fig. 1, 2) , 5 as large cell carcinomata (Fig. 3, 4) , and 3 as epidermoid carcinomata. Among adenocarcinomata, one case only (Case 13) showed histological Fie.. 10. Case 9 (mucus-secreting cell adenocarcinoma): in the nucleus a nucleolus with prominent nucleolonema (n); secretion vesicles (v). x 14,400.
Pic. 11. Case 9 (mucus-secreting cell adenocarcinoma). A cell bearing microvilli on the border of a glandular-like cavity, and showing some bundles of tonofilaments (f). x 8100. (Fig. 5) . The chromatin was finely dispersed, with a thin peripheral clumping (Fig. 5, 6) ; nucleoli with prominent nucleolonema could be seen (Fig. 6) . The most characteristic cytological finding was the presence of prominent tonofilaments, often forming more or less thick bundles (Fig. 5, 6 ). Tonofilaments converged from the adjacent cytoplasm upon desmosomes which joined the cells together. Mitochondria were numerous, irregularly oval, and usuallyhad a swollen appearance. Isolated or clumped ribosomes were numerous, and rough endoplasmic reticulum was variously developed. In one case (Case 3) some cells presented both tonofilaments and vesicles filled with rather translucent, amorphous looking material (Fig. 7) .
Group 11.-The cases included in this group (Case 4, 5, 6, 8, 9, 10 and 11) showed a glandular-like arrangement of the neoplastic tissue, due to the presence of more or less large cavities into which irregular microvilli passed from the neighbouring cells (Fig. 8, 9, 11 ). Desmosomes were present along the opposing plasma membranes, and tight junctions could be observed near to the free surfaces of the cells. The nuclei and nucleoli (Fig. 10, 11 ) were similar to those described for the cells of Group I. The cytoplasmic organization was characterized by the abundance of secretory vesicles in many cells (Fig. 9,  10 ). Tonofibrils often grouped in bundles were present in several cells (Fig. 11) ; secretory vesicles and tonofibrils could be observed occasionally in the same cell. Mitochondria were frequently swollen, and had irregular cristae. The Golgi apparatus was well developed, and the rough endoplasmic reticulum showed numerous profiles, often dilated and filled with granular material. In 2 cases (Case 6 and 11), a very few cells with osmiophilic lamellar bodies were occasionally found, similar to those which will be described in the next group.
Group III. In the 3 cases (Case 7, 12 and 13) included in this group, neoplastic cells were arranged in glandular-like patterns, and joined by desmosomes and tight junctions. The nuclei (Fig. 12, 13 ) were round and darker than those of the cells of Groups I and II. The more striking and distinctive cytoplasmic feature of these cells was the presence of numerous peculiar dense bodies. These structures were mostly lamellar, with myelin-like figures often embedded in a homogeneous or vacuolated matrix (Fig. 12, 13 ). They were similar to the cytosomes of the type II normal alveolar cells (granular pneumocytes).
Smaller dense bodies with non-lamellar, though non-homogeneous, osmiophilic inatrices ( Fig. 1 2, 14 A good correlation between light and electron microscopy was observed for tumours classified as epidermoid carcinomata. At the ultrastructural level the cell arrangement, the richness in tonofilaments, and the nuclear patterns, were typical for squamous cells, and similar to the features usually reported for epidermoid non-keratinizing bronchogenic carcinomata (Greene, Brown and Divertie, 1969; Razzuk et al., 1970) .
On the other hand, both tumours diagnosed as adenocarcinoma and large cell carcinoma under light microscopy showed at the ultrastructural level a glandular-like pattern, due to the presence of cavities of variable size surrounded by epithelial cells whose free surfaces were provided with microvilli. The finding of microvilli demonstrates that these cavities are neither simple intercellular spaces, nor artificial effect of shrinkage: they must be regarded as true lumina of a glandular-like structure. The fact that this ultrastructural feature is common to adenocarcinoma and large cell carcinoma so designated at light microscopy level is much in keeping with the concept of other authors (Friedberg, 1965; Herman, Bullock and Waken, 1966 ) that large cell carcinomata, including giant cell cancer, are iundifferentiated adenocarcinomata. This suggestion might well account for the difficulties in sharply separating adenocarcinoma and large cell carcinoma by light microscopy (Kreyberg, 1967; Campobasso, 1968; Melamed, 1968) . It can be concluded that, irrespective of the light microscopical architecture, all peripheral lung tumours which fail to show squamous differentiation are in fact adenocarcinomata.
The distinction between Groups II and III was based mainly on the cytological characteristics. In Group II the prominent feature was the presence of cytoplasmic secretory vesicles, which may be related to the mucous secretion detected in all these tumours by light microscopy (Table I ). In Group III the most characteristic cytological aspect was the presence of numerous osmiophilic cytosomes, with a lamellar or a dense pattern. Similar appearances of alveolar cell cytosomes have already been reported by many authors, and related partly to conditions of fixation, and partly to various developmental stages (Brooks, 1968; Flaks and Flaks, 1969) . The occurrence of intermediate patterns between these two main types of dense bodies suggests that the non-lamellar bodies might be regarded as immature forms of alveolar lamellar cytosomes. This hypothesis is further supported by the findings of Johnston, Ginn and Amatulli (1971) in neoplastic elements from a metastatic alveolar cell carcinoma. A discussion on the development and significance of these lamellar bodies is beyond the aim of the present paper. They are, anyway, peculiar to granular pneumocytes (or type B or type II alveolar cells) and their presence in neoplastic cells has been regarded as ultrastructural evidence of the alveolar origin of both human and animal lung tumours (Klarner and Gieseking, 1960; Nagaishi et al., 1965; Hattori et al., 1967; Brooks, 1968; Adamson et al., 1969; Flaks and Flaks, 1969; Johnston et al., 1971; Nisbet et al., 1971; Nash et al., 1972 Adamson et al. (1969 ), Coalson et al. (1970 , and Nash et al. (1972) , but not by Geller and Toker (1969) , and Razzuk et al. (1970) .
However, it is noteworthy that the alveolar cell adenocarcinomata of the present series, besides being peripheral, shared the characteristic of being neither squamous nor mucus-secreting (Table I) . A correlation between light and electron microscopy of peripheral lung adenocarcinomata seems, therefore, to exist as far as cytological characteristics are concerned. In fact, these tumours could be subdivided, on the basis of both light and electron microscopy, into mucus-secreting, and non-mucus-secreting adenocarcinomata, the latter corresponding to the tumours made up of malignantgranular pneumocytes.
While the origin of the alveolar cell adenocarcinoma may be clearly identified by electron microscopy, the ultrastructural study has proved of limited value in elucidating the histogenesis of epidermoid and mucus-secreting peripheral lung tumours.
The cells of the mucus-secreting adenocarcinomata showed clear, irregularly-shaped nuclei, nucleoli with prominent nucleolonema, secretory vesicles and tonofilaments. All these cytological features were observed also in epidermoid carcinomata. Secretory vesicles were obviously much more prominent in the former, and tonofilament bundles in the latter. Nuclear sheets were observed onlv in epidermoid carcinomata, but this finding does not appear to be absolutely characteristic for any cell type (Mollo, Canese and Stramignoni, 1969) .
The origin of both epidermoid and mucus-secreting peripheral lung tumours might be related to the epithelium of small bronchi as well as to the bronchiolar and/or alveolar epithelium; in fact the latter possesses a conspicuous proliferative capacity and " multipotential properties which include the production of mucous and stratified epithelium " (Spencer, 1 968 ). An origin from the alveolar epithelium would appear more reasonable for mucussecreting cell adenocarcinomata, as they share with alveolar cell adenocarcinomata several morphological aspects such as the presence of cavities surrounded by cells whose free surface is provided with microvilli, and also the occasional presence of cells containing osmiophilic lamellar bodies. However, as all the epithelial cells of the lower respiratory tract may undergo both squamous and mucous metaplasia, any hypothesis on the cell of origin of epidermoid and mucussecreting peripheral tumours remains speculative.
The outcome of the present investigation is that human peripheral tumours can be classified, on the basis of both light and electron microscopy, as epidermoid carcinomata, mucus-secreting cell adenocarcinomata, and alveolar cell adenocarcilXl nomata. Electron microscopy is required for identifying this third type of peripheral lung carcinoma, since it is not characterized by a single peculiar light microscopical appearance. However, the origin from granular pneumocytes may tentatively be suggested for peripheral lung tumours which appear neither squamous nor mucus-secreting in light microscopy.
